TiO 2 and Vanadium doped TiO 2 nanoparticles were synthesized by hydrothermal method. The solvents are water, oleic acid, or oxalic acid, which have affected the forms and sizes of the grains in the samples. The solvent can make the spherical nanograins, or the stick form grains, what influences the photo activity of the materials. The Vanadium doped TiO 2 nanoparticles had identical anatase phase with average crystal size of 8-20nm. The absorption spectra of doped samples exhibited the long tailed absorption in the visible light region above 380nm. The photocatalytic activity under the irradiation of visible light was evaluated by the degradation of phenol aqueous solutions, which is one of the products from photocatalytic oxidations of benzene. The samples TiO 2 :0.5%V 4+ have visible light photocatalystic activity; after 360min under the visible irradiation the normalized concentration of phenol decreased to 9%.
Introduction
Titanium dioxide (TiO 2 ) photocatalysts have been investigated with considerable attention because they can be applicable for the decomposition of undesired compounds in air as well as waste water, solar energy conversion and production of clean energy resources through the water splitting reaction. However, the application of TiO 2 as a photocatalyst for visible light-induced chemical reactions was hampered by its large band-gap energy (3.2eV for anatase TiO 2 ), which requires ultraviolet (UV) light to activate and leads to the lower energy efficiency. Many studies had been attributed to the doping of transition metals into TiO 2 to develop vis-photocatalysts, such as V, Cr, Mo, Fe... [1] [2] [3] [4] [5] . It is promising to synthesize V-doped TiO 2 powders economically and practically by the hydrothermal method for its low-cost, effectiveness and easy execution. The performance of a TiO 2 photocatalyst is strongly dependent on a number of other structural factors such as crystal phase as well as grain forms and the degree of crystallinity of the TiO 2 particles [5] . The technique parameters of the hydrothermal method such as solvent, temperatures can directly affect to above properties of the TiO 2 nanoparticles.
In this work, V-doped TiO 2 nanopowders with visible light activities were synthesized by hydrothermal method. The solvents have affected the forms and sizes of the grains in the samples.
Experimental
The used chemicals were TiCl 4 , NH 4 VO 3 , oxalic acid H 2 C 2 O 4 (OXA), oleic acid C 17 H 33 COOH (OLA); NH 3 , V 2 O 5 , HCl, C 2 H 5 OH. Pure titanium catalyst was prepared using the hydrothermal method with the following procedure: Firstly 3.0ml TiCl 4 was added drop by drop to 100ml solvent vigoroustirring, which was continuously stirred for 20 minutes. Afterwards, ammonia aqueous solution NH 3 (25%) was added to adjust the pH value to 7-8, and then stirred for 30 minutes. Then the mixture was transferred into an autoclave and kept at 200 0 C for 5h. After centrifugation and washing, the samples were dried in the air. The V doping content is 0.5 molar %.
Sample series N1 is obtained by using different vanadium doping solvent such as V 2 O 5 /H 2 O; V 2 O 5 /OXA; V 2 O 5 /OLA and V 2 O 5 /HCl. We call them as T-Owater; T-OXA; T-OLA and T-OCl, respectively. Series N2 is obtained from OLA-preparation, where the different proportions TiCl 4 : OLA: C 2 H 5 OH of solvents are 1:4:20; 1:5:20; 1:6:20 and 1:8:20. We name the obtained samples as T 1420 5 ; T 1520 5 ; T 1620 5 and T 1820 5 , respectively. The structure and crystalline characters were analyzed by X-ray diffraction (XRD) SIEMENS D5005 and micro-Raman spectroscopy. The morphology was investigated by scanning electron microscope (SEM) and transmission electron microscope (TEM). Absorption measurements were obtained with JASCO V-670 spectrometer. The photocatalytic activity of samples was evaluated by degradation of phenol (C 6 H 5 OH) diluted in water. The progress of the reactions was monitored by High performance liquid Chromatography -HPLC for 360min.
Results and Discussions
Sample Characterization. fig.2 ). An image at higher magnification ( Fig.1-insert) shows sets of lattice fringes, giving evidence the highly crystalline nature of the particles. fig.3 ) are lightly blue-shift (about 5nm) from that of bulk sample [3] , which can be attributed to the quantum size effect that comes from the small particle size. Detailed Eg-146cm -1 Raman peaks of TiO 2 and TiO 2 :V +4 are presented in Fig.3 -insert. The blue-shift of Eg-146cm -1 Raman peaks after V doping indicated the Vanadium incorporation in TiO2 host lattice. The different solvents do not change remarkably the Raman features. This trend is also obtained in the optical absorption measurements (see figure 4 ). The TiO 2 :V +4 exhibited the red shift of the band edge and the long tailed absorption in the vis-light above 380nm, which related to the d orbital of V +4 [6] [7] [8] . Influent of the Solvent on The Properties of Samples. From above result, the samples with Oleic Acid (OLA) solvent have smaller grain size than that with other solvent. In this part we use OLA solvent to studying its influence on the sample morphology (the sample series N2). Figure 5 presents TEM images of T14205 (a); T 1520 5 (b); T 1620 5 (c) and T 1820 5 (d); their photocatalityc phenol degradation curves are shown in fig.6B , respectively. The TEM images showed that the different solvents OLA had influence on the morphology of the samples. The samples have a random spheriod-like (a,d); a cubic-like (b) or a similar rod-like (c) morphologys. The grain size in the samples is also related with the concentration of the solvent. The proportions TiCl 4 : OLA: C 2 H 5 OH of solvents of 1:8:20 lead to smallest grain size, which is 8-20nm. The samples with the water solvent (see fig.2d ) had only spheriod-like morphology and larger grain size. In the hydrothermal technique, the water solvent plays two roles: the environment for pressure transfer and the solvent action at high pressure, so that the reactions can be in the liquid and also in the vaporous phases. For the OLA solvent we can get not only the same above roles but also some others effect due to polarity of the OLA. OLA is a polar material, it consist from two parts: the polar part (COO -)hydrophilous and the other none polar part (C 17 H 33 -)-hydrophobia. When OLA and TiCl 4 solvents react, the polar parts come to Ti 4+ solvent-liquid phase, the hydrophobia parts go to the vaporous phase. This process can influence the grain to growing up. The morphology and grain form in the sample related very close to the photocatalytic activity of the sample.
